This trial was designed to test the hypothesis that shock efficacy during follow-up is not impaired in patients implanted without defibrillation (DF) testing during first implantable cardioverter-defibrillator (ICD) implantation.
Introduction
The goal of defibrillation (DF) testing is to verify the detection of ventricular tachyarrhythmias by implantable cardioverter-defibrillators (ICDs), and to ascertain DF efficacy. All clinical trials, which demonstrated the benefit of ICD therapy, have included some kind of DF testing. According to the Food and Drug Administration, the instructions for use of ICDs include the recommendation 'with DF testing' at the time of implantation. 1 The absence of DF testing may have medico-legal implications whether a device fails to terminate ventricular fibrillation (VF) during follow-up. 1 Nevertheless, DF testing has been deliberately omitted in the majority of patients enrolled in contemporary ICD studies. 2 -6 Despite the stochastic nature of DF, ineffective shocks during VF induction result in system modifications in up to 5% of patients. 7, 8 System modifications, such as repositioning of the electrode, reversal of polarity, use of a high-energy device, use of a dual instead of a single-coil electrode, or the implantation of an additional subcutaneous electrode, may be unnecessary or even harmful since many patients have a successful retesting with the original system configuration. 9 No single system modification in itself has ever been shown to improve outcome. 10 With current devices and programming, an inadequate safety margin occurs infrequently, 11 and the incidence of ventricular tachyarrhythmias requiring shocks is low at 4-6% per year. While DF testing has never been shown to improve survival, it is associated with an increased, albeit small risk of major adverse events of 0.4%. 4 By omitting routine DF testing, the approach to ICD implantation will likely change considerably, as the procedures will be shorter and performed without technical support and anaesthesia. Similar to the SIMPLE trial, 12 we hypothesized that, with current high-energy ICD devices, the omission of DF testing during implantation will not result in an inferior shock efficacy during follow-up when compared with standard DF testing. As opposed to the SIM-PLE trial, which used the composite outcome of arrhythmic death or failed appropriate shock, the primary end point of our study was the shock efficacy of all true ventricular tachycardia (VT) and VF episodes occurring in any patient during follow-up.
Methods

Trial design and oversight
The NORDIC ICD trial (NCT01282918) was a prospective, randomized, parallel group, multi-centre non-inferiority trial conducted at 48 centres in five European countries, and designed to investigate the effect of DF testing at the time of ICD implantation on first shock efficacy (FSE) during follow-up. The study design and statistical considerations have been described in detail elsewhere. 13 Briefly, patients with an indication for ICD implantation according to the current European Society of Cardiology guidelines were included. Patients with hypertrophic or arrhythmogenic right ventricular cardiomyopathy were excluded because of special considerations necessary during ICD implantation. Further inclusion and exclusion criteria are depicted in the design paper. 13 One thousand and seventy-seven patients were randomized (1 : 1) to first time ICD implantation with or without DF testing during the procedure. Patients were followed for at least 12 months through regular on-site visits, and remotely via Home Monitoring w (HM; Biotronik SE & Co. KG, Berlin, Germany). All true ventricular tachyarrhythmias treated with an ICD shock in any patient were included in the primary analysis.
The study was conducted in accordance with the Declaration of Helsinki, and country-specific regulatory requirements. The protocol was approved by the Institutional Review Board or Ethics Committee of each participating centre. All patients provided written informed consent prior to enrolment.
Intra-operative testing
A standard DF testing protocol was used by all participating centres, as described previously. 13 Briefly, the initial shock for DF was programmed to 15 J. If successful, DF testing was terminated. If unsuccessful, a second shock programmed to 24 J was delivered, and had to be confirmed. If the shocks were successful twice, DF testing was terminated. If unsuccessful, a system revision was recommended, and the DF testing procedure was repeated.
End points
The primary end point was the FSE to terminate all true episodes of VT/VF during follow-up. A blinded two-member Clinical Event Committee reviewed the diagnostic information of the VT/VF treated with ICD shocks. Procedural end points included system reconfiguration, total fluoroscopy, and implantation time. Safety end points included procedural serious adverse events, VT/VF conversion rate, and all-cause, cardiac, or arrhythmic mortality during follow-up. All adverse events were reviewed and adjudicated by a Data and Safety Monitoring Board (DSMB), consisting of three members. All patient deaths were adjudicated by the DSMB according to a classification originally described by Epstein et al.
13,14
Statistical analysis
The goal of the NORDIC ICD trial was to demonstrate the noninferiority of no DF testing when compared with DF testing with respect to the primary endpoint of FSE. A non-inferiority margin of 210% was fixed before start of enrolment. This margin was chosen because the variation of FSE in published trials was in the range of 83 -92%.
2,11 After a pre-specified blinded re-assessment, 13 the sample size was increased to 1080 patients recruited over a period of 28 months, with a follow-up of at least 12 months. Three populations were pre-defined for analysis. The intention-totreat (ITT) population which included all randomized patients, the evaluated-for-safety population which included randomized patients who received an ICD, and the per protocol (PPS) population which included randomized patients who received an ICD and did not have a major protocol violation. However, for time-dependent outcomes, these patients were included up to the date of the protocol violation. The primary analysis was performed in the per protocol episode data set (P-PPS), which included all sufficiently documented shocked episodes in PPS patients.
Baseline characteristics are presented group wise for the ITT population as mean (+SD) or frequency (%). To compensate for the dependence structure induced by recurrent episodes with similar outcome in some of the patients, a random effects logit model with patients as a random factor and group as a fixed factor was used for calculation of a twosided 95% confidence interval (CI) of the difference FSE noDFtest 2 FSE DFtest . To state non-inferiority, this CI had to lie completely above the pre-specified non-inferiority margin of 210%. Without the use of a model that takes the correlation structure into account, the few patients with an extreme numbers of shocks would have dominated the results.
Intra-operative defibrillation testing and clinical shock efficacy
Procedural and safety outcomes were compared with a Student's t test, or x 2 test or Fisher's exact test, whichever was appropriate. Mortality was analysed in the ITT population using the KaplanMeier approach and the log-rank test. Hazard rate reduction was assessed using a Cox proportional hazards model. A two-tailed P-value ,0.05 was considered to be statistically significant. and Epidemiology, University Medical Centre Hamburg Eppendorf, Germany) (A.S., K.W.). The first draft of the manuscript was written by the first author, and revised by all co-authors. The authors take full responsibility for the accuracy and completeness of the findings, as well as for the fidelity to the study protocol.
Results
Study population
The baseline clinical characteristics and cardiovascular medications of the 1077 patients comprising the intention-to-treat population (without DF ¼ 537 and with DF ¼ 540) are presented in Table 1 .
Seven hundred and one patients (65.1%) had an ischaemic cardiomyopathy and 873 (81.8%) received the ICD for primary prevention of sudden cardiac death. Ten patients (six in the DF group and four in the without DF group) did not receive an ICD, leaving 1067 patients for the safety evaluation ( Figure 1 ). Both groups were well matched for baseline demographics and clinical characteristics, as well as for the use of dual (51.6%) and a single coil (48.4%) electrode ( Table 2) .
Intra-operative testing
Of the 534 patients randomized to the DF arm with a successful first ICD implantation (Figure 1) , testing was performed in 97.4%. In one Figure 1 CONSORT flow diagram. *With at least one delivered appropriate ICD shock. ITT, full analysis set (all patients as randomized); EFS, evaluated for safety set (all patients randomized, who had a successful primary ICD implantation); PPS, per protocol set (all patients randomized, who are compliant with the study protocol); P-PPS, all randomized patients at least one day at risk before protocol deviation (includes all sufficiently documented shocked episodes until time point of protocol deviation).
Intra-operative defibrillation testing and clinical shock efficacy patient, VT/VF was not inducible. Four hundred and ninety-four of 519 inducible patients (95.2%) passed the test without any system reconfiguration, and 440 patients (84.8%) had their VT/VF terminated with a 15 J shock. In 25 patients, the initial DF test was not successful, and system reconfigurations were performed once in 20 and more than once in 5 ( 
Shock efficacy
During a median follow-up of 22.7 and 22.9 months, respectively, 211 true VT/VF episodes with at least one appropriate shock occurred in 8.6% of the per protocol patients with DF testing, while 218 true VT/VF episodes occurred in 8.8% of patients without DF testing (Table 3, Figure 1 ). All true VT/VF episodes were terminated with any appropriate ICD shock in the without DF test group, whereas 96.7% of all VT/VF were terminated in the group with DF test. Thus, the conversion efficacy was 100.0%
without DF testing and 96.7% with DF testing. The model-based shock efficacy was 97.1% without DF testing and 94.1% with DF testing. The difference in FSE was 3.0% (CI 23.0%, 9.0%) in favour of the without DF test group, and remained above the pre-defined 210% margin for the primary end point (P non-inferiority ,0.001, Table 3 , Figure 2 ).
Serious adverse events
A total of 201 serious adverse events related to the study procedure occurred in 168 patients (15.7%), of which 89 events occurred in 74 patients without DF testing and 112 events occurred in 94 patients with DF testing within 30 days of follow-up (P ¼ 0.095). The only significant difference in single serious adverse events was intra-operative hypotension, which manifested more often in patient with DF testing (1.7%) than those without DF testing (0.0%) (P ¼ 0.004). Lead-related complications occurred in 15 patients without DF testing (2.8%) compared with 24 events in 21 patients with DF testing (3.9%) (P ¼ 0.311). One sudden death occurred in each study group within 30 days of follow-up, and the mean length of hospitalization was 4.0 days in both study groups ( 
Mortality
Forty-four and 52 patients without and with DF testing died, respectively (P ¼ 0.377, Table 4 ). Differences with respect to noncardiac and cardiac mortality were not statistically significant. Six deaths (5 with DF and 1 without DF testing) were adjudicated arrhythmic and due to repetitive ventricular tachyarrhythmias/VT clusters (P ¼ 0.100, Table 4 ).
Discussion
Defibrillation testing during ICD implantation has been a matter of debate for the last two decades. To the best of our knowledge, the NORDIC ICD trial is the first prospective randomized trial, which investigated the effect of DF testing on the actual FSE during followup as the single primary end point. This is in contrast with the recently published SIMPLE trial, which used the composite outcome of arrhythmic death or failed appropriate shock to terminate a spontaneous episode of VT/VF to determine the non-inferiority of the no testing approach. 12 NORDIC ICD also provides detailed information about intra-operative DF testing outcome.
In 91-96% of ICD implants, the initial system and implant configuration can successfully detect and terminate VT and VF.
2,15 -18 System modifications were reported in 2.2 -12.0% of patients. 5,15,17,19 -25 With the high-energy devices used in the NORDIC ICD study, only 4.8% of all inducible patients had an inadequate safety margin, which required one or two system reconfigurations in 3.8 and 1.0%, respectively. This is in agreement with the results of the Sudden Cardiac Death in Heart Failure Trial (SCD-HeFT), in which 97.8% of patients had a DF threshold ≤20 J. 11 Following the system revisions, all patients passed the test successfully, but with a significantly higher energy level than for those who did not require revision (22.2 J vs. 16.4 J, P , 0.001). This is in agreement with a Canadian survey in which an insufficient safety margin with the initial system configuration could be improved in only 56% of patients. 5 While the device revisions provided no benefit to our patients during follow-up, they significantly increased the total procedure time by 30 min and the fluoroscopy exposure by 40%. The mean number of shocks needed to find an acceptable safety margin was also increased more than four-fold.
Our FSE was higher than the 83.0% reported in the SCD-HeFT trial. 11 It is noteworthy that only low-energy devices were used in that trial. However, in a trial with variable use of devices, the shock efficacy is similar to that observed in the NORDIC ICD trial. 2 The observed lower rate of arrhythmic death for patients without DF testing (0.2 vs. 0.9%) corresponds to the sudden cardiac death rate reported in another trial (0.9 and 1.2% in patients without and with DF testing) during a similar follow-up period. 6 Because the SIMPLE trial did not use a specific model for multiple shock events in the same patient, the shock efficacy can only be compared at the level of raw shock efficacy. In the NORDIC ICD and the SIMPLE trials, a higher raw shock efficacy was observed in the group without DF vs. with DF testing (NORDIC ICD: 93.6 vs. 85.3% and SIMPLE: 92.0 vs. 88.5%). On the other hand, the higher first shock energy we used (40 J vs. 31 J in SIMPLE) was not associated with a higher FSE irrespective of testing. The high level of FSE is consistent with the relatively low mean DF energy (16.7 J) during testing, with .95% of the inducible patients undergoing successful testing without any system reconfiguration.
A 15.7% serious adverse events rate (17.6% with testing and 13.9% without testing, P ¼ 0.095) was found within 30 days following successful ICD implantation. This is much higher than what has been described in recent reports, in which the complication rates ranged between 2.3 and 2.7% in patients with and without an adequate safety margins during DF testing 25 or compared with the SIMPLE trial results regarding adverse events included in the pre-defined as the primary safety outcome (5.6% without DF testing vs. 6.5% with DF testing). 12 It is noteworthy that the NORDIC ICD trial not only collected data on protocol-specified complications but also on all procedure-and patient-related adverse events which might explain our higher event rate. The 30-day procedure-related mortality rate was 0.2%, and consisted of two sudden deaths which is in the range of recent reports. 2 The stroke rate was 0.8% for patients without and 0.2% for patients with DF testing (P ¼ 0.217), which is in agreement with the 0.4% rate reported in the CREDIT registry. 5 The two types of adverse events that were increased in patients with DF testing were intra-operative hypotension (1.7% vs. 0.0%, P ¼ 0.004) and lead-related complications (3.9 vs. 2.8%, P ¼ 0.311). A recent article summarized implant-related complications that were directly or indirectly related to the DF testing procedure. The rate of haemodynamic complications was 1%, and lead dislodgement was listed as the most frequent single complication with rates between 1 and 6%. 1 This latter observation suggests that testing may cause some degree of electrode instability. Both the NORDIC ICD and SIMPLE trials showed a trend towards lower procedural complication rates in patients without DF testing despite the different definitions and methods used for analysing these events (NORDIC ICD: 13.9 vs.17.6%, P ¼ 0.095, SIMPLE: 5.6 vs. 6.5%, P ¼ 0.33). A meta-analysis would confirm if a significant difference does indeed exist. The rates of all-cause, cardiac, and non-cardiac mortality were similar between patients with and without DF testing, which is in agreement with most non-randomized trials reported. 6 In accordance with the SIMPLE trial, no statistical difference in all-cause mortality between patients with and without DF testing was observed. However, the annual mortality rates of NORDIC ICD were lower when compared with other large randomized ICD trials, 26, 27 and also lower than those of the SIMPLE trial.
Conclusion
The NORDIC ICD trial supports the hypothesis that if 40 J devices are used, DF testing does not improve DF efficacy during follow-up. It suggests that DF testing or the various measures to improve DF efficacy lengthen the procedure, and may even be harmful. The NORDIC ICD trial is one of two large prospective randomized trials, which do not support the routine use of DF testing during leftsided first time ICD implantation.
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